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(57) ABSTRACT

A circuit substrate, a display device and a driving method are
provided. The circuit substrate imncludes a base substrate, a
gate driving circuit, and at least one signal trace group which
are on the base substrate. The signal trace group includes
two signal traces, and the two signal traces are electrically
connected with the gate driving circuit and are configured to
provide clock signals with inverted phases to the gate
driving circuit; the two signal traces are respectively in
different layers and are insulated from each other; and
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CIRCUIT SUBSTRATE, DISPLAY DEVICE
AND DRIVING METHOD

The application claims priority to the Chinese patent
application No. 201810393488.7, filed on Apr. 27, 2018, the
entire disclosure of which 1s incorporated herein by refer-

ence as part of the present application.

TECHNICAL FIELD

At least one embodiment of the present disclosure relates
to a circuit substrate, a display device and a driving method.

BACKGROUND

With the development of touch technology, more and
more electronic products interact with human by a touch
mode. For an electronic product with a touch function, noise
on a signal trace providing a clock signal for a gate driving
circuit 1s an important factor aflecting touch performance,
thus how to reduce the noise on the signal trace becomes an
important problem to be solved.

SUMMARY

At least one embodiment of the present disclosure pro-
vides a circuit substrate. The circuit substrate comprises a
base substrate, a gate driving circuit, and at least one signal
trace group which are on the base substrate. The signal trace
group comprises two signal traces, and the two signal traces
are electrically connected with the gate driving circuit and
are configured to provide clock signals with mverted phases
to the gate driving circuit; the two signal traces are respec-
tively 1n different layers and are insulated from each other;
and orthographic projections of the two signal traces on the
base substrate at least partially overlap with each other.

For example, 1n a circuit substrate provided by an embodi-
ment of the present disclosure, the orthographic projections
of the two signal traces on the base substrate completely
overlap with each other.

For example, a circuit substrate provided by an embodi-
ment of the present disclosure further comprises a gate
insulation layer for a thin film transistor and a passivation
layer covering the thin film transistor, the two signal traces
are spaced apart from each other by the gate msulation layer
so that the two signal traces are 1sulated from each other;
or the two signal traces are spaced apart from each other by
the passivation layer so that the two signal traces are
insulated from each other.

For example, a circuit substrate provided by an embodi-
ment of the present disclosure further comprises a gate metal
layer on the base substrate and a source/drain metal layer on
the base substrate; the gate msulation layer 1s between the
gate metal layer and the source/drain metal layer; one of the
two signal traces of the signal trace group 1s 1n a same layer
as one of the gate metal layer and the source/drain metal
layer, and the other of the two signal traces of the signal trace
group 1s 1n a same layer as the other of the gate metal layer
and the source/drain metal layer.

For example, 1n a circuit substrate provided by an embodi-
ment of the present disclosure, the gate insulation layer and
the passivation layer are between the two signal traces.

For example, 1n a circuit substrate provided by an embodi-
ment of the present disclosure, at least one signal trace group
comprises a plurality of signal trace groups, and each of the
plurality of signal trace groups comprises two signal traces;
the two signal traces of each of the plurality of signal trace
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2

groups are respectively in different layers and are insulated
from each other; and orthographic projections of the two
signal traces of each of the plurality of signal trace groups
on the base substrate at least partially overlap with each
other.

For example, a circuit substrate provided by an embodi-
ment of the present disclosure further comprises a gate
insulation layer for a thin film transistor and a passivation
layer covering the thin film transistor; the plurality of signal
trace groups comprise a first signal trace group and a second
signal trace group; two signal traces of the first signal trace
group are spaced apart from each other by the gate insulation
layer so that the two signal traces of the first signal trace
group are insulated from each other, and two signal traces of
the second signal trace group are spaced apart from each
other by the gate insulation layer so that the two signal traces
of the second signal trace group are insulated from each
other; or the two signal traces of the first signal trace group
are spaced apart from each other by the passivation layer so
that the two signal traces of the first signal trace group are
insulated from each other, and the two signal traces of the
second signal trace group are spaced apart from each other
by the passivation layer so that the two signal traces of the
second signal trace group are insulated from each other.

For example, a circuit substrate provided by an embodi-
ment of the present disclosure further comprises a gate
insulation layer for a thin film transistor and a passivation
layer covering the thin film transistor; the plurality of signal
trace groups comprise a first signal trace group and a second
signal trace group; two signal traces of the first signal trace
group are spaced apart from each other by the gate insulation
layer so that the two signal traces of the first signal trace
group are insulated from each other, and two signal traces of
the second signal trace group are spaced apart from each
other by the passivation layer so that the two signal traces of
the second signal trace group are isulated from each other.

For example, 1n a circuit substrate provided by an embodi-
ment of the present disclosure, the gate insulation layer and
the passivation layer are between the two signal traces of the
second signal trace group.

For example, 1n a circuit substrate provided by an embodi-
ment of the present disclosure, one signal trace of the first
signal trace group and one signal trace of the second signal
trace group are 1n a same layer.

For example, 1n a circuit substrate provided by an embodi-
ment of the present disclosure, the two signal traces of the
signal trace group are respectively a first signal trace and a
second signal trace; the gate driving circuit comprises a
plurality of cascaded shift register units, the first signal trace
1s electrically connected with a (2n-1)th-stage of the shait
register units, and the second signal trace is electrically
connected with a (2n)th-stage of the shiit register units, 1n
which n 1s an integer greater than or equal to 1.

For example, 1n a circuit substrate provided by an embodi-
ment of the present disclosure, the two signal traces of the
first signal trace group are respectively a first signal trace
and a second signal trace, and the two signal traces of the
second signal trace group are respectively a third signal trace
and a fourth signal trace; the gate driving circuit comprises
a plurality of cascaded shiit register units, the first signal
trace 1s electrically connected with a (4m-3)th-stage of the
shift register units, the third signal trace 1s electrically
connected with a (4m-2)th-stage of the shift register unaits,
the second signal trace is electrically connected with a
(4dm-1)th-stage of the shift register units, and the fourth



US 11,156,882 B2

3

signal trace 1s electrically connected with a (4m)th-stage of
the shift register units, in which m 1s an integer greater than

or equal to 1.

For example, a circuit substrate provided by an embodi-
ment of the present disclosure further comprises a plurality
of touch electrodes, and the plurality of touch electrodes are
on the base substrate and arranged in an array comprises a
touch electrode.

At least one embodiment of the present disclosure further
provides a display device, the display device comprises a
circuit substrate, the circuit substrate comprises a base
substrate, a gate driving circuit on the base substrate, and at
least one signal trace group on the base substrate, and the
signal trace group comprises two signal traces, and the two
signal traces are electrically connected with the gate driving
circuit and are configured to provide clock signals with
inverted phases to the gate driving circuit; the two signal
traces are respectively in different layers and are insulated
from each other; and orthographic projections of the two
signal traces on the base substrate at least partially overlap
with each other.

For example, 1n a display device provided by an embodi-
ment of the present disclosure, the circuit substrate com-
prises a plurality of touch electrodes, and the plurality of
touch electrodes are on the base substrate and arranged 1n an
array.

At least one embodiment of the present disclosure further
provides a driving method for the circuit substrate, and the
driving method comprises: providing clock signals to the
gate driving circuit through the two signal traces; and
providing the clock signals with inverted phases to the gate
driving circuit respectively through the two signal traces of
the signal trace group.

For example, 1n a driving method provided by an embodi-
ment of the present disclosure, the two signal traces of the
signal trace group are respectively a {first signal trace and a
second signal trace, and the gate driving circuit comprises a
plurality of cascaded shift register units; and the dniving
method further comprises: providing a clock signal to a
(2n-1)th-stage of the shift register units through the first
signal trace, and providing another clock signal to a (2n)th-
stage of the shift register units through the second signal
trace, in which n 1s an integer greater than or equal to 1.

For example, in a driving method provided by one
embodiment of the present disclosure, the at least one signal
trace group comprises a first signal trace group and a second
signal trace group; two signal traces of the first signal trace
group are respectively a first signal trace and a second signal
trace, two signal traces of the second signal trace group are
respectively a third signal trace and a fourth signal trace, and
the gate driving circuit comprises a plurality of cascaded
shift register units; the driving method further comprises:
providing a clock signal to a (4m-3)th-stage of the shiit
register units through the first signal trace, providing another
clock signal to a (4m-2)th-stage of the shift register units
through the third signal trace, providing further another
clock signal to a (4m-1)th-stage of the shift register units
through the second signal trace, and providing further
another clock signal to a (4m)th-stage of the shift register
units through the fourth signal trace, in which m 1s an integer
greater than or equal to 1.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the disclosure, the drawings of the embodi-
ments will be briefly described in the following; 1t 1s obvious
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4

that the described drawings are only related to some embodi-
ments of the disclosure and thus are not limitative of the

disclosure.

FIG. 1A 1s a schematic diagram of a circuit substrate
provided by an embodiment of the present disclosure;

FIG. 1B 1s schematic circuit structure diagram of an
exemplary shiit register unit;

FIG. 2 1s a schematic diagram of a case where ortho-
graphic projections of two signal traces of a signal trace
group on a base substrate partially overlap with each other;

FIG. 3 1s a schematic diagram of a case where ortho-
graphic projections of two signal traces of a signal trace
group on a base substrate completely overlap with each
other;

FIG. 4 1s a schematic diagram of an arrangement mode of
two signal traces of one signal trace group;

FIG. 5 1s another schematic diagram of an arrangement
mode of two signal traces of one signal trace group;

FIG. 6 1s another schematic diagram of an arrangement
mode of two signal traces of one signal trace group;

FIG. 7 1s a schematic diagram of an arrangement mode of
four signal traces of two signal trace groups;

FIG. 8 1s another schematic diagram of an arrangement
mode of four signal traces of two signal trace groups;

FIG. 9 1s another schematic diagram of an arrangement
mode of four signal traces of two signal trace groups;

FIG. 10 1s another schematic diagram of an arrangement
mode of four signal traces of two signal trace groups;

FIG. 11 1s another schematic diagram of an arrangement
mode of four signal traces of two signal trace groups;

FIG. 12 1s a schematic diagram of a connection mode of
two signal traces of one signal trace group and a gate driving
circuit;

FIG. 13 1s a timing diagram corresponding to clock
signals provided by the signal traces in FIG. 12;

FIG. 14 1s a schematic diagram of a connection mode of
four signal traces of two signal trace group and a gate
driving circuit;

FIG. 15 1s a timing diagram corresponding to clock
signals provided by the signal traces in FIG. 14;

FIG. 16 1s a timing diagram of clock signals used for a
gate driving circuit;

FIG. 17 1s a schematic diagram of another circuit substrate
provided by an embodiment of the present disclosure;

FIG. 18 1s a schematic diagram of a display device
provided by an embodiment of the present disclosure; and

FIG. 19 1s a schematic diagram of a driving method
provided by an embodiment of the present disclosure.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the disclosure apparent, the technical
solutions of the embodiment will be described 1n a clearly
and fully understandable way in connection with the draw-
ings related to the embodiments of the disclosure. It is
apparent that the described embodiments are just a part but
not all of the embodiments of the disclosure. Based on the
described embodiments herein, those skilled 1n the art can
obtain other embodiment, without any creative work, which
shall be within the scope of the disclosure.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meamings as commonly
understood by one of ordinary skill in the art to which the
present disclosure belongs. The terms, such as “first,” “sec-
ond,” or the like, which are used 1n the description and the

claims of the present disclosure, are not intended to indicate
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any sequence, amount or importance, but for distinguishing
various components. The terms, such as “comprise/compris-

A B

ing,” “include/including,” or the like are intended to specity
that the elements or the objects stated before these terms
encompass the elements or the objects and equivalents
thereol listed after these terms, but not preclude other
clements or objects. The terms, such as “connect/connect-
ing/connected,” “couple/coupling/coupled” or the like, are
not limited to a physical connection or mechanical connec-
tion, but may include an electrical connection/coupling,
directly or indirectly. The terms, “on,” “under,” “left,”
“right,” or the like are only used to indicate relative position
relationship, and when the position of the object which 1s
described 1s changed, the relative position relationship may
be changed accordingly.

In a display panel technology, 1n order to realize low cost
and narrow bezel, a GOA (Gate driver On Array) technology
can be adopted, that 1s, a gate driving circuit 1s integrated
into the display panel by a thin film transistor manufacturing
process, thereby achieving advantages such as narrow bezel,
reducing assembly cost and the like.

For an electronic product with a touch function, noise on
signal traces providing clock signals for a gate driving
circuit 1s an important factor aflecting touch performance.
For example, a diflerence between a high level and a low
level of clock signals provided to the gate driving circuit
may be more than 30V (for example, 25V {for the high level
and -8V {for the low level), and noises caused by jumps
between the high level and the low level of clock signals at
a high frequency afiect the touch performance of the elec-
tronic product, especially, a poor touch performance may
occur 1n an edge region of a display panel, such as line jitter,
abnormal ghost points, etc.

At least one embodiment of the present disclosure pro-
vides a circuit substrate. The circuit substrate includes a base
substrate, a gate driving circuit and at least one signal trace
group which are on the base substrate. The signal trace group
includes two signal traces, and the two signal traces are
clectrically connected with the gate driving circuit and are
configured to provide clock signals with imverted phases to
the gate driving circuit; the two signal traces are respectively
in different layers and are insulated from each other; and
orthographic projections of the two signal traces on the base
substrate at least partially overlap with each other. At least
one embodiment of the present disclosure further provides a
display device and a driving method corresponding to the
above-mentioned circuit substrate.

The circuit substrate, the display device and the driving
method provided by the embodiments of the present disclo-
sure can reduce the noises of clock signals on the signal
traces and reduce an interference of the clock signals on a
touch product adopting the circuit substrate, thus the touch
performance of the touch product 1s improved.

Embodiments and examples of the present disclosure are
described 1n detail below in combination with the figures.

At least one embodiment of the present disclosure pro-
vides a circuit substrate 10, as illustrated in FIG. 1A, and the
circuit substrate 10 includes a base substrate 100, a gate
driving circuit 200 and at least one signal trace group 300
which are on the base substrate 100. It should be noted that
only one signal trace group 300 i1s shown in FIG. 1A
schematically, the embodiments of the present disclosure
include this case but 1s not limited to this case, and for
example, 1n another embodiment of the present disclosure,
the circuit substrate includes two or three or more than three
signal trace groups 300.
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For example, the circuit substrate 10 1s 1n a display panel,
the gate driving circuit 200 1ncludes a plurality of cascaded
shift register units 210, and a plurality of output terminals of
the gate driving circuit 200 are connected with a plurality of
gate lines GL 1n a display region 110 one-by-one, and the
output terminals of the gate driving circuit 200 are used to
provide gate scanning signals for pixel units 120 1n the
display region 110.

For example, the signal trace group 300 includes two
signal traces SL, and the two signal traces SL are electrically
connected with the gate driving circuit 200 and are config-
ured to provide clock signals with inverted phases to the gate
driving circuit 200. The two signal traces SL are respectively
in different layers and are insulated from each other; and
orthographic projections of the two signal traces SL on the
base substrate 100 at least partially overlap with each other.

FIG. 1B 1s schematic circuit structure diagram of an
exemplary shift register unit 210, and for example, the shait
register umit 210 1s a (n)th-stage of the shift register units of
the gate driving circuit 200. As illustrated 1n FIG. 1B, the
shift register unit 210 includes a first transistor T1, a second
transistor T2, a third transistor T3, a fourth transistor T4 and
a storage capacitor Cl1.

The first transistor T1 of the shift register unit 210 1s an
output transistor of the shift register unit 210. For example,
a first electrode of the first transistor T1 1s connected with a
clock signal CLK, a second electrode of the first transistor
T11s connected with a first electrode of the second transistor
12 to obtain an output terminal of the shift register unit 210,
and the output terminal of the shift register unit 210 outputs
a gate scanning signal Gn used for a (n)th row of pixel units
(for example, the signal Gn 1s a square-wave pulse signal,
and a pulse part of the square-wave pulse signal 1s a turn-on
level and a non-pulse part 1s a turn-oil level) and an 1nput
signal used for a next stage of the shift register unit 210. A
gate electrode of the first transistor T1 1s connected with a
pull-up node PU, thus the gate electrode of the first transistor
T1 1s connected with a first electrode of the third transistor
T3 and a second electrode of the fourth transistor T4.

A second electrode of the second transistor T2 1s con-
nected with a second electrode of the third transistor T3 and
receives a low-level signal VGL. A gate electrode of the
second transistor T2 1s connected with a gate electrode of the
third transistor T3 and an output terminal of a shift register
unit 210 1 a next row which 1s (n+1)th row to receive a gate
scanning signal G(n+1) which 1s used as an output pull-
down control signal. The first electrode of the second
transistor 12 1s connected with the second electrode of the
first transistor 11, thus the second transistor T2 1s turned on
under control of the output pull-down control signal, and an
output signal of the output terminal 1s pulled down to the
low-level signal VGL without outputting the gate scanning

signal Gn.

The first electrode of the third transistor T3 1s also
connected with the pull-up node PU, thus the first electrode
of the third transistor T3 1s connected with the second
clectrode of the fourth transistor T4 and the gate electrode of
the first transistor T1. The second electrode of the third
transistor T3 recerves the low-level signal VGL. Also, the
gate electrode of the third transistor 13 1s connected with the
output terminal of the shift register unit 210 1n a next row
which 1s the (n+1)th row to recerve the gate scanning signal
G(n+1) which 1s used as an reset control signal (the reset
control signal 1s also used as the output pull-down control
signal), thus the third transistor T3 can be turned on under
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control of the reset control signal, and the pull-up node PU
1s reset to the low-level signal VGL to turn off the first
transistor T1.

A first electrode of the fourth transistor T4 1s connected
with 1ts own gate electrode, and the first electrode of the
fourth transistor T4 1s connected with an output terminal of
a shift register unit 210 1n a previous row which 1s (n-1)th
row to recerve a gate scanning signal G(n-1) which 1s used
as an mput signal (the input signal 1s also used as an 1mput
control signal), and the second electrode of the fourth
transistor 14 1s connected with the pull-up node PU, thus
when the fourth transistor T4 1s turned on, the pull-up node
PU 1s charged so that a level of the pull-up node PU turns
on the first transistor T1, thus the clock signal CLK 1s output
through the output terminal. One terminal of the storage
capacitor C1 1s connected with the gate electrode of the first
transistor T1, 1.e. the pull-up node PU, and another terminal
of the storage capacitor C1 1s connected with the second
electrode of the first transistor T1, so that the level of the
pull-up node PU can be stored, and the storage capacitor C1
can continue to pull up the level of the pull-up node PU
through its bootstrap eflect when the first transistor T1 1s
turned on to 1improve an output performance.

When the gate driving circuit 200 composed of the
plurality of cascaded shift register units 210 as illustrated in
FIG. 1B 1s operated, 1n a case where the gate scanning signal
G(n-1) 1s at a high level, the fourth transistor T4 is turned
on and charges the pull-up node PU. A rising level of the
pull-up node PU turns on the first transistor 11, thus the
clock signal CLK 1s output at the output terminal through the
first transistor 11, that 1s, the gate scanning signal Gn 1s
equivalent to the clock signal CLK. When the clock signal
CLK 1s at a high level, the gate scanning signal Gn 1s also
at a high level. When the gate scanning signal Gn 1s at a high
level, the shift register units 210 of the gate driving circuit
200 inputs the high-level signal Gn mto a corresponding
gate line GL, so that gate electrodes of thin film transistors
in all the pixel units corresponding to the gate line GL are
applied to the high-level signal Gn, thus the thin film
transistors are turned on. A data signal passes through the
thin film transistor in each pixel unit and 1s input to a liquid
crystal capacitor i each pixel unit, thus the liquid crystal
capacitor 1n each pixel unit 1s charged, thus a signal voltage
of each pixel unit 1s written and maintained. When the gate
scanning signal G(n+1) 1s at a ligh level, the second
transistor T2 and the third transistor T3 are turned on to reset
the pull-up node PU and pull down the output terminal.
Therefore, for example, a progressive scanning driving
function 1s realized by the gate driving circuit 200.

Because a source electrode and a drain electrode of each
of the transistors mentioned above are symmetrical, the
source electrode and the drain electrode of each of the
transistors can be exchanged. For example, the first elec-
trode 1s the source electrode or the drain electrode, and the
second electrode 1s the drain electrode or the source elec-
trode. In the present disclosure, the source electrode and the
drain electrode of each of the thin film transistors are
collectively referred to as “source/drain electrode™. For
example, the transistors mentioned above are N-type tran-
sistors. Of course, the transistors mentioned above are not
limited to N-type transistors, but at least partially are P-type
transistors, for example. Therefore, polarities of correspond-
ing turn-on signal and the output scanning signal can be
changed accordingly.

It should be noted that in the embodiments of the present
disclosure, the structure of each of the cascaded shiit register
units 210 of the gate driving circuit 200 1s not limited to the
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case described above. Each of the cascaded shiit register
umts 210 of the gate driving circuit 200 can possess any
applicable structure, or can include more or less transistors
and/or capacitors, for example, each of the cascaded shiit
register units 210 includes a sub-circuit for realizing func-
tions such as controlling the pull-up node, controlling the
pull-down node, noise reduction, etc., no limitation 1s
imposed to this in the embodiments of the present disclo-
sure.

For example, as illustrated 1in FIG. 2, the two signal traces
SL of the signal trace group 300 are respectively a first signal
trace CLK1 and a second signal trace CLK2. The first signal
trace CLK1 and the second signal trace CK2 are respectively
in different layers on the base substrate 100 and are msulated
from each other. For example, an insulation layer 500 1is
between the first signal trace CLK1 and the second signal
trace CLLK2, and the insulation layer 500 1s a layer structure
with an insulation characteristic such as a gate insulation
layer, a passivation layer or an interlayer insulation layer
(the interlayer insulation layer represents an insulation layer
between other layers on the circuit substrate 10) etc., and the
insulation layer 500 1s described 1n detail 1n the following,
no repetition herein.

For example, 1n the example illustrated in FIG. 2, ortho-
graphic projections of the first signal trace CLK1 and the
second signal trace CLLK2 on the base substrate 100 partially
overlap with each other.

In the circuit substrate 10 provided by at least one
embodiment of the present disclosure, each of the at least
one signal trace group 300 includes two signal traces SL, the
two signal traces SL are respectively in different layers, and
orthographic projections of the two signal traces SL on the
base substrate 100 partially overlap with each other. Because
the clock signals transmitted by the two signal traces SL are
inverted phase to each other, interferences caused by noises
of the clock signals on the two signal traces SL are partially
oflset by each other, and the interference of the clock signals
on a touch product adopting the circuit substrate can be
reduced, so that the touch performance of the touch product
1s improved. In addition, because the orthographic projec-
tions of the two signal traces SL on the base substrate 100
partially overlap with each other, a parasitic capacitance
between the two signal traces SL 1s reduced.

It should be noted that in the embodiments of the present
disclosure, the inverted phase of the two clock signals means
that the two clock signals have a same frequency, a same
high level and a same low level, and when one of the two
clock signals 1s at the high level and the other one 1s at the
low level. It 1s same 1n the following embodiments and 1s not
be repeated.

For example, in another example, as illustrated 1n FIG. 3,
the orthographic projections of the first signal trace CLK1
and the second si1gnal trace CLLK2 on the base substrate 100
completely overlap with each other. In this way, interfer-
ences caused by noises of the clock signals on the two signal
traces SL are further ofiset by each other, which further
reduces interferences caused by the clock signals on the
touch product adopting the circuit substrate, so that the touch
performance of the touch product 1s further improved.

In the circuit substrate 10 provided by the embodiments of
the present disclosure, as illustrated 1n FIG. 4 and FI1G. §, the
circuit substrate 10 further includes a thin film transistor on
the base substrate 100 and a passivation layer 406 covering
the thin film transistor. For example, the thin film transistor
includes a gate electrode (gate metal layer) 401, a gate
insulation layer 403, an active layer 402 and source/drain
clectrode (source/drain metal layer) 403, 404 which are on
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the substrate 100. For example, the thin film transistor 1s a
thin film transistor constituting the gate driving circuit 200
or a thin film transistor constituting the pixel unit 120.

It should be noted that in the figures of the present
disclosure, 401 represents both the gate and the metal layer
where the gate 1s located, 403 and 404 represent both the
source/drain electrode and the source/drain metal layer
where the source/drain electrode 1s located. It 1s same 1n the
following embodiments and 1s not be repeated.

For example, 1n an example, as illustrated in FIG. 4, the
gate msulation layer 405 1s between the gate metal layer 401
and the source/drain metal layer 403, 404. One of the two
signal traces (the first signal trace CLK1 and the second
signal trace CLK2) of the signal trace group 300 1s 1n a same
layer as one of the gate metal layer 401 and the source/drain
metal layer 403, 404, and the other of the two signal traces
of the signal trace group 300 is 1n a same layer as the other
of the gate metal layer 401 and the source/drain metal layer
403, 404. That 1s, the two signal traces (the first signal trace
CLK1 and the second signal trace CLLK2) of the signal trace
group 300 are spaced apart from each other by the gate
insulation layer 4035 so that the two signal traces are insu-
lated from each other. For example, 1n the example 1llus-
trated 1 FIG. 4, the first signal trace CLK1 and the gate
metal layer 401 are in a same layer, and the second signal
trace CLLK2 and the source/drain metal layer 403, 404 are in
a same layer. The embodiments of the present disclosure
include this case but are not limited to this case, for example,
the first signal trace CLK1 and the source/drain metal layer
403, 404 arc 1n a same layer, and the second signal trace
CLK2 and the gate metal layer 401 are in a same layer. For
example, as illustrated in FIG. 4, a passivation layer 406
covering both the second signal trace CLK2 and the thin film
transistor 1s provided to protect the second signal trace
CLK2 and the thin film transistor.

For example, in another example, as illustrated in FIG. 5,
the two signal traces (the first signal trace CLK1 and the
second signal trace CLLK2) of the signal trace group 300 are
spaced apart from each other by the passivation layer 406 so
that the two signal traces are msulated from each other. For
example, the first signal trace CLK1 and the source/drain
metal layer 403, 404 are 1n a same layer, and the second
signal trace CLLK2 1s on the passivation layer 406, so that the
first signal trace CLLK1 and the second signal trace CLK2 are
spaced apart from each other by the passivation layer 406 so
that the two signal traces are 1sulated from each other. Of
course, the positions of the first signal trace CLK1 and the
second signal trace CLLK2 can be interchanged, no limitation
1s 1mposed to this in the present disclosure.

For example, 1n further another example, as 1llustrated in
FIG. 6, the gate imsulation layer 405 and the passivation
layer 406 are between the two signal traces (the first signal
trace CLK1 and the second signal trace CLK2). For
example, the first signal trace CLK1 and the gate metal layer
401 are 1n a same layer, and the second signal trace CLK2
1s on the passivation layer 406, thus the first signal trace
CLK1 and the second signal trace CLLK2 are spaced apart
from each other by the gate insulation layer 405 and the
passivation layer 406 so that the first signal trace CLK1 and
the second signal trace CLLK2 are isulated from each other.
Of course, the positions of the first signal trace CLK1 and
the second signal trace CLK2 can be interchanged, no
limitation 1s 1mposed to this 1in the present disclosure.

In some embodiments of the present disclosure, the circuit
substrate 10 further includes a plurality of signal trace
groups 300, and the two signal traces SL of each of the
plurality of signal trace groups 300 are respectively in
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different layers and are insulated from each other; and
orthographic projections of the two signal traces SL of each
of the plurality of signal trace groups 300 on the base
substrate 100 at least partially overlap with each other.

For example, in examples illustrated in FIG. 7-FIG. 11,
the plurality of signal trace groups 300 include a first signal
trace group and a second signal trace group. Two signal
traces of the first signal trace group are respectively a first
signal trace CLLK1 and a second signal trace CLLK2, and two
signal traces of the second signal trace group are respec-
tively a third signal trace CLLK3 and a fourth signal trace
CLK4. The first signal trace CLK1 and the second signal
trace CLK2 provide clock signals with inverted phases, and
the third signal trace CLLK3 and the fourth signal trace CLLK4
provide clock signals with inverted phases.

For example, 1n an example illustrated 1n FIG. 7, both the
two signal traces of the first signal trace group and the two
signal traces of the second signal trace group are spaced
apart from each other by the gate insulation layer 403, so that
the two signal traces of the first signal trace group are
insulated from each other and the two signal traces of the
second signal trace group are msulated from each other. For
example, the first signal trace CLK1, the third signal trace
CLK3 and the gate metal layer 401 are 1n a same layer, and
the second signal trace CLLK2, the fourth signal trace CLK4
and the source/drain metal layer 403, 404 are 1n a same layer.
Of course, the positions of the first signal trace CLK1 and
the second signal trace CLLK2 can be interchanged, and the
positions of the third signal trace CLK3 and the fourth signal
trace CLK4 can also be interchanged. No limitation 1s
imposed to this 1n the present disclosure, and 1t 1s same 1n the
following embodiments and 1s not be repeated.

For example, in an example illustrated in FIG. 8, both the
two signal traces of the first signal trace group and the two
signal traces of the second signal trace group are spaced
apart from each other by the passivation layer 406, so that
the two signal traces of the first signal trace group are
insulated from each other and the two signal traces of the
second signal trace group are msulated from each other. For
example, the first signal trace CLK1, the third signal trace
CLK3 and the source/drain metal layer 403, 404 are 1n a
same layer, and the second signal trace CLK2, the fourth
signal trace CLLK4 are on the passivation layer 406, thus both
the two signal traces of the first signal trace group and the
two signal traces of the second signal trace group are spaced
apart from each other by the passivation layer 406, so that
the two signal traces of the first signal trace group are
insulated from each other and the two signal traces of the
second signal trace group are insulated from each other.

For example, in an example illustrated in FI1G. 9, both the
two signal traces of the first signal trace group and the two
signal traces of the second signal trace group are spaced
apart from each other by the gate insulation layer 405 and
the passivation layer 406, so that the two signal traces of the
first signal trace group are insulated from each other and the
two signal traces of the second signal trace group are
insulated from each other. For example, the first signal trace
CLK1, the third signal trace CLLK3 and the gate metal layer
401 are 1n a same layer, and the second signal trace CLK2,
the fourth signal trace CLLK4 are on the passivation layer
406.

For example, in some embodiments of the present dis-
closure, one signal trace of the first signal trace group and
one signal trace of the second signal trace group are 1n a
same layer.

For example, 1n an example 1llustrated 1n FIG. 10, the two
signal traces of the first signal trace group are spaced apart
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from each other by the gate insulation layer 405 so that the
two signal traces of the first signal trace group are 1nsulated
from each other, and the two signal traces of the second
signal trace group are spaced apart from each other by the
passivation layer 406 so that the two signal traces of the
second signal trace group are 1msulated from each other. For
example, the first signal trace CLLK1 and the gate metal layer
401 are 1n a same layer, the second signal trace CLK2, the
third signal trace CLLK3 and the source/drain metal layer
403, 404 are 1n a same layer, and the fourth signal trace
CLK4 1s on the passivation layer 406. In the example
illustrated 1 FIG. 10, the second signal trace CLK2 of the
first signal trace group and the third signal trace CLLK3 of the
second signal trace group are i1n a same layer.

For example, 1n an example 1llustrated 1n FIG. 11, the two
signal traces of the first signal trace group are spaced apart
from each other by the gate msulation layer 405 so that the
two signal traces of the first signal trace group are insulated
from each other, and the two signal traces of the second
signal trace group are spaced apart from each other by the
gate 1nsulation layer 4035 and the passivation layer 406 so
that the two signal traces of the second signal trace group are
insulated from each other. For example, the first signal trace
CLK1, the third signal trace CLK3 and the gate metal layer
401 are 1n a same layer, the second signal trace CLK2 and
the source/drain metal layer 403, 404 are 1n a same layer, and
the fourth signal trace CLLK4 1s on the passivation layer 406.
In the example 1illustrated 1in FIG. 10, the first signal trace
CLK1 of the first signal trace group and the third signal trace
CLK3 of the second signal trace group are in a same layer.

It should be noted that the term “in a same layer” 1n the
present disclosure means that a plurality of structures are
formed by a same patterning process on a same material
layer, and 1t 1s not necessary for the plurality of structures to
be 1n a same plane 1n physical space.

In at least one embodiment of the present disclosure, a
case where one signal trace group 1s provided on the base
substrate 100 and a case where two signal trace groups are
provided on the base substrate 100 are described, based on
the descriptions and instructions of the setting method of the
present disclosure, it 1s easy for those skilled 1 the art to
think of a setting method 1n a case where the circuit substrate
includes three or more signal trace groups without making
creative work, and these setting methods are also within the
protection scope of the present disclosure.

In the circuit substrate 10 provided by at least one
embodiment of the present disclosure, as 1llustrated in FIG.
12, in a case where the circuit substrate 10 includes one
signal trace group, for example, the two signal traces of the
signal trace group are respectively a first signal trace CLK1
and a second signal trace CLK2. The gate driving circuit 200
includes a plurality of cascaded shift register units 210, the
first signal trace CLK1 1s electrically connected with a
(2n-1)th-stage of the shiit register units 210, the second
signal trace CLK2 1s electrically connected with a (2n)th-
stage of the shift register units 210, and n 1s an integer
greater than or equal to 1. It should be noted that the present
disclosure 1ncludes this cases but 1s not limited to this case,
for example, the first signal trace CLK1 1s electrically
connected with the (2n)th-stage of the shift register units
210, and the second signal trace CLK2 1s electrically con-
nected with the (2n-1)th-stage of the shift register units 210.

For example, the first signal trace CLLK1 and the second
signal trace CLK2 provide clock signals with inverted
phases as illustrated 1n FIG. 13 for the gate driving circuit
200. For example, as illustrated in FIG. 12, the circuit
substrate 10 provided by the embodiment of the present
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disclosure further includes a clock controller 600, the first
signal trace CLK1 and the second signal trace CLK2 are
connected with the clock controller 600, and the clock
controller 600 1s configured to provide clock signals with
inverted phases to the first signal trace CLK1 and the second
signal trace CLK2.

In the circuit substrate 10 provided by at least one
embodiment of the present disclosure, as 1llustrated in FIG.
14, 1n a case where the circuit substrate 10 includes two
signal trace groups, for example, the two signal traces of the
first signal trace group are respectively a first signal trace
CLK1 and a second signal trace CLK2, and the two signal
traces of the second signal trace group are respectively a
third signal trace CLLK3 and a fourth signal trace CLK4.

The gate driving circuit 200 includes a plurality of cas-
caded shift register units 210, the first signal trace CLK1 1s
clectrically connected with a (4m-3)th-stage of the shait
register units, the third signal trace CLK3 1s electrically
connected with a (4m-2)th-stage of the shift register units,
the second signal trace CLK2 1s electrically connected with
a (4m-1)th-stage of the shift register units, the fourth signal
trace CLLK4 1s electrically connected with a (4m)th-stage of
the shift register units, and m 1s an integer greater than or
equal to 1.

For example, as illustrated 1n FIG. 14, the circuit substrate
10 provided by at least one embodiment of the present
disclosure further includes a clock controller 600, the first
signal trace CLK1, the second signal trace CLK2, the third
signal trace CLK3 and the fourth signal trace CLK4 are
connected with the clock controller 600, and the clock
controller 600 1s configured to provide clock signals to the
first signal trace CLK1, the second signal trace CLK2, the
third signal trace CLK3 and the fourth signal trace CLK4.

For example, FIG. 15 1s a timing diagram corresponding,
to clock signals provided by the signal traces 1n FIG. 14. As
illustrated 1n FIG. 15, each of the clock signals of CLKI1.
CLK2, CLK3 and CLK4 can adopt a timing signal of a duty
ratio which 1s 50%. A duration of a high level of each of the
clock signals 1s 2ZH (a system clock period 1s recorded as
1H). It corresponds to an opening time, which 1s 2H, of each
gate line GL 1n the gate driving circuit 200. For example,
pre-charging 1s performed 1n the first 1H time of the 2H, and
actual charging 1s performed 1n the second 1H time of the
2H. In the case illustrated in FIG. 14, the plurality of
cascaded shift register units 210 are arranged line by line,
thus the clock signals of CLK1, CLK3, CLLK2 and CLK4
which are respectively connected with the shift register units
210 of all stages are successively different by one system
clock period which 1s 1H.

FIG. 16 1s a timing diagram of clock signals used for a
gate driving circuit, and for example, the clock signals of
FIG. 16 can be used for the gate driving circuit 200 1n the
circuit substrate 10 provided by at least one embodiment of
the present disclosure. For example, as illustrated 1n FIG. 16,
eight signal traces (a first signal traces CLK1—an eighth
signal traces CLLK8) are used to provide clock signals for the
gate drive circuit 200. The eight signal traces are succes-
sively electrically connected with the plurality of cascaded
shift register units 210 of the gate driving circuit 200. For
example, 1n the example 1llustrated 1n FIG. 16, a period of
the clock signal provided by cach of the signal traces 1s 17T,
thus a time sequence diflerence between the two signal
traces respectively connected with adjacent stages of the
shift register units 1s &T.

In the example 1llustrated 1n FIG. 16, phases of the clock
signals of the first signal trace CLK1 and the fifth signal
trace CLKS are mverted to each other, phases of the clock




US 11,156,882 B2

13

signals of the second signal trace CLLK2 and the fifth sixth
trace CLK6 are inverted to each other, phases of the clock
signals of the third signal trace CLLK3 and the seventh signal
trace CLK7 are inverted to each other, and phases of the
clock signals of the fourth signal trace CLLK4 and the eighth
signal trace CLK8 are 1nverted to each other. Therefore, the
cight signal traces mentioned above constitute four signal
trace groups 300, and 1n a case where the four signal trace
groups 300 are provided on the base substrate 100, the two
signal traces of each of the four signal trace groups 300 are
respectively in different layers and are insulated with each
other, and orthographic projections of the two signal traces
of each of the four signal trace groups 300 on the base
substrate 100 at least partially overlap with each other.

It should be noted that the embodiments of the present
disclosure are not limited to the signal timing 1illustrated 1n
FIG. 15 and FIG. 16, and clock signals can also adopt timing
signals of other duty ratios and periods.

In the circuit substrate 10 provided by at least one
embodiment of the present disclosure, as 1llustrated in FIG.
17, the circuit substrate 10 further includes a touch electrode
700 to achieve a control function. For example, the circuit
substrate 10 includes a plurality of touch electrodes 700, and
the plurality of touch electrodes 700 are on the base substrate
100 and arranged in an array. For example, in a case where
a mutual capacitance touch mode 1s adopted, the touch
clectrodes 700 include a driving electrode and a sensing
clectrode.

For example, in a case where the circuit substrate 10
provided by at least one embodiment of the present disclo-
sure 1ncludes the touch electrode 700, each of the at least one
trace group 300 includes two signal traces SL. The two
signal traces SL are respectively in different layers and
orthographic projections of the two signal traces on the base
substrate 100 at least partially overlap with each other.
Because the clock signals transmitted by the two signal
traces SL are mverted to each other, interferences caused by
noises of the clock signals on the two signal traces SL are
offset by each other, interferences caused by the clock
signals on the touch electrode 700 are reduced, so that the
touch performance of the touch product adopting the circuit
substrate 10 1s improved.

At least one embodiment of the present disclosure further
provides a display panel, and the display panel includes any
circuit substrate 10 provided by at least one embodiment of
the present disclosure. For example, 1n a case where the
display panel includes an array substrate and an opposite
substrate, the circuit substrate 10 serves as the array sub-
strate 1n the display panel, and for example, 1n this case, the
circuit substrate 10 further includes pixel units arranged 1n
an array, €etc.

It should be noted that no limitation 1s imposed to a type
of the display panel, and the display panel can be of various
types such as a liquid crystal display panel, an OLED
(Organic Light Emitting Diode) display panel, etc., as long
as the display panel includes the circuit substrate 10 pro-
vided by at least one embodiment of the present disclosure.
In addition, for example, the display panel further includes
gate lines, data lines, switch circuits and other general
designs, no repetition herein.

At least one embodiment of the present disclosure further
provides a display device 1, as illustrated 1n FIG. 18. The
display device 1 includes any circuit substrate 10 provided
by at least one embodiment of the present disclosure. For
example, the display device 1 includes the display panel
provided by the above embodiments, and the circuit sub-
strate 10 serves as the array substrate in the display panel.
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The display device 1 provided by at least one embodiment
of the present disclosure includes any products or compo-
nents having display function as follows: liquid crystal
display panel, liqmd crystal television, displayer, OLED
panel, OLED television, e-Paper, mobile phone, panel com-
puter, laptop, digital photo frame, navigation istrument or
the like. No limitation 1s imposed on the type of the display
device 1.

At least one embodiment of the present disclosure further
provides a driving method, and the driving method can be
used for the circuit substrate 10 provided by at least one
embodiment of the present disclosure. For example, as
illustrated in FIG. 19, the dniving method includes the
following operations.

Step S100: providing clock signals to the gate driving
circuit through the two signal traces.

Step S200: providing the clock signals with inverted
phases to the gate driving circuit respectively through the
two signal traces of the signal trace group 300.

Because orthographic projections of the two signal traces
of the signal trace group 300 in the circuit substrate 10 at
least partially overlap with each other, when the two signal
traces of the signal trace group 300 provided clock signals
with 1mnverted phases, interferences caused by noises of the
clock signals on the two signal traces are partially offset by
cach other, which reduces interferences caused by the clock
signals on a touch product adopting the circuit substrate 10,
so that the touch performance of the touch product 1s
improved.

For example, in another embodiment, the two signal
traces of the first signal trace group 300 are respectively a
first signal trace CLK1 and a second signal trace CLLK2, and
the gate driving circuit 200 1ncludes a plurality of cascaded
shift register units 210, in this case, the above-mentioned
driving method further includes the following operation.

Step S300: providing a clock signal to a (2n-1)th-stage of
the shift register units through the first signal trace CLK1,
and providing another clock signal to a (2n)th-stage of the
shift register units through the second signal trace CLK2, 1n
which n 1s an integer greater than or equal to 1.

For example, i the step S300, the phases of the clock
signals provided by the first signal trace CLK1 and the
second signal trace CLK2 are inverted.

For example, in another embodiment, the at least one
signal trace group 300 includes a first signal trace group and
a second signal trace group; two signal traces of the first
signal trace group are respectively a first signal trace CLK1
and a second signal trace CLK2, two signal traces of the
second signal trace group are respectively a third signal trace
CLK3 and a fourth signal trace CLLK4, and the gate driving
circuit 200 includes a plurality of cascaded shiit register
units 210. In this case, the above-mentioned driving method
turther includes the following operation.

Step S400: providing a clock signal to a (4m-3)th-stage
ol the shift register units through the first signal trace CLK1,
providing another clock signal to a (4m-2)-stage of the shiit
register units through the third signal trace CLK3, providing
turther another clock signal to a (4m-1)th-stage of the shiit
register units through the second signal trace CLK2, and
providing further another clock signal to a (4m)th-stage of
the shift register units through the fourth signal trace CLK4,
in which m 1s an integer greater than or equal to 1.

For example, 1n the step S400, the phases of the clock
signals provided by the first signal trace CLK1 and the
second signal trace CLLK2 are inverted, and the phases of the
clock signals provided by the first signal trace CLK3 and the
second signal trace CLLK4 are inverted.
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What have been described above are only specific imple-

mentations of the present disclosure, the protection scope of
the present disclosure 1s not limited thereto. The protection
scope of the present disclosure should be based on the
protection scope of the claims.

What 1s claimed 1s:
1. A circuit substrate, comprising a base substrate, a gate

driving circuit on the base substrate, and a plurality of signal
trace groups on the base substrate,

wherein each of the plurality of signal trace groups
comprises two signal traces; the two signal traces of
cach of the plurality of signal trace groups are electri-
cally connected with the gate driving circuit and are
configured to provide clock signals with mverted
phases to the gate driving circuit; the two signal traces
of each of the plurality of signal trace groups are
respectively in different layers and are msulated from
cach other; and orthographic projections of the two
signal traces of each of the plurality of signal trace
groups on the base substrate at least partially overlap
with each other:

wherein the plurality of signal trace groups comprises a
first signal trace group and a second signal trace group;
at least one of two signal traces of the first signal trace
group 1s on a different layer than two signal traces of
the second signal trace group.

2. The circuit substrate according to claim 1, further

comprising a gate insulation layer for a thin film transistor
and a passivation layer covering the thin film transistor,

the two signal traces of the first signal trace group are
spaced apart from each other by the gate insulation
layer so that the two signal traces of the first signal trace
group are mnsulated from each other, and the two signal
traces of the second signal trace group are spaced apart
from each other by the gate insulation layer so that the
two signal traces of the second signal trace group are
insulated from each other; or

the two signal traces of the first signal trace group are
spaced apart from each other by the passivation layer so
that the two signal traces of the first signal trace group
are 1nsulated from each other, and the two signal traces
of the second signal trace group are spaced apart from
cach other by the passivation layer so that the two
signal traces of the second signal trace group are
insulated from each other.

3. The circuit substrate according to claim 2,

wherein the two signal traces of the first signal trace group
are respectively a first signal trace and a second signal
trace, and the two signal traces of the second signal
trace group are respectively a third signal trace and a
fourth signal trace;

the gate driving circuit comprises a plurality of cascaded
shift register units, the first signal trace 1s electrically
connected with a (4m-3)th-stage of the shift register
umts, the third signal trace 1s electrically connected
with a (4m-2)th-stage of the shift register units, the
second signal trace 1s electrically connected with a
(4m-1)th-stage of the shiit register units, and the fourth
signal trace 1s electrically connected with a (4m)th-
stage of the shift register umits, wherein m 1s an integer
greater than or equal to 1.

4. The circuit substrate according to claim 1, further

comprising a gate msulation layer for a thin film transistor
and a passivation layer covering the thin film transistor,

wherein the plurality of signal trace groups comprises a
first signal trace group and a second signal trace group;
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two signal traces of the first signal trace group are spaced
apart from each other by the gate insulation layer so
that the two signal traces of the first signal trace group
are 1isulated from each other, and two signal traces of
the second signal trace group are spaced apart from
cach other by the passivation layer so that the two
signal traces of the second signal trace group are
insulated from each other.

5. The circuit substrate according to claim 4, wherein the

gate isulation layer and the passivation layer are between
the two signal traces of the second signal trace group.

6. The circuit substrate according to claim 4, wherein one

signal trace of the first signal trace group and one signal
trace of the second signal trace group are 1n a same layer.

7. The circuit substrate according to claim 4,

wherein the two signal traces of the first signal trace group
are respectively a first signal trace and a second signal
trace, and the two signal traces of the second signal
trace group are respectively a third signal trace and a
fourth signal trace;

the gate driving circuit comprises a plurality of cascaded
shift register units, the first signal trace is electrically
connected with a (4m-3)th-stage of the shift register
units, the third signal trace is electrically connected
with a (4dm-2)th-stage of the shift register units, the
second signal trace 1s electrically connected with a
(4m-1)th-stage of the shift register units, and the fourth
signal trace 1s electrically connected with a (4m)th-
stage of the shift register units, wherein m 1s an integer
greater than or equal to 1.

8. The circuit substrate according to claim 1, further

comprising a plurality of touch electrodes,

wherein the plurality of touch electrodes 1s on the base
substrate and arranged in an array.
9. A driving method for the circuit substrate according to

claim 1, comprising:

providing clock signals to the gate driving circuit through
the two signal traces; and

providing the clock signals with inverted phases to the
gate driving circuit respectively through the two signal
traces of each of the plurality of signal trace groups.

10. The driving method according to claim 9,

wherein the plurality of signal trace groups comprises a
first s1gnal trace group and a second signal trace group;
two signal traces of the first signal trace group are
respectively a first signal trace and a second signal
trace, two signal traces of the second signal trace group
are respectively a third signal trace and a fourth signal
trace, and the gate driving circuit comprises a plurality
of cascaded shift register units;

the driving method further comprises:

providing a clock signal to a (4m-3)th-stage of the shaft
register units through the first signal trace,

providing another clock signal to a (4m-2)th-stage of the
shift register units through the third signal trace,

providing further another clock signal to a (4m-1)th-stage
of the shift register units through the second signal
trace, and

providing further another clock signal to a (4m)th-stage of
the shift register units through the fourth signal trace,
wherein m 1s an 1teger greater than or equal to 1.

11. A display device, comprising a circuit substrate,

wherein the circuit substrate comprises a base substrate, a
gate driving circuit on the base substrate, and a plurality
of signal trace groups on the base substrate,

cach of the plurality of signal trace groups comprises two
signal traces; the two signal traces of each of the
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plurality of signal trace groups are electrically con-

nected with the gate driving circuit and are configured

to provide clock signals with inverted phases to the gate

driving circuit; the two signal traces of each of the

plurality of signal trace groups are respectively in 5

different layers and are msulated from each other; and
orthographic projections of the two signal traces of
cach of the plurality of signal trace groups on the base
substrate at least partially overlap with each other;

wherein at least one of two signal traces of one of the 10

plurality of signal trace groups 1s on a different layer
than two signal traces of another of the plurality of
signal trace groups.

12. The display device according to claim 11, wherein the
circuit substrate comprises a plurality of touch electrodes, 15
and the plurality of touch electrodes are on the base

substrate and arranged in an array.
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